T rauma is the number one cause of death of Americans aged 1 to 44 years. 1 Although many of these injuries are unintentional, violent trauma contributes significantly to mortality, particularly among youth. In 2005, intentional injuries claimed the lives of 51,000 individuals in the United States. 2 Among African American males aged 15 to 24 years, homicide is the leading cause of death 3 ; it is the second leading killer of all American youth of the same age. 1 Intentionally injured patients are at risk of experiencing a pattern of repeated traumatic violence known as the "trauma trajectory," 4 in which subsequent violent injury is associated with an increased likelihood of death. Although patients may survive an initial acute injury, they generally return to the same environment in which their injury occurred and thus have a high likelihood of subsequent lethal trauma. In one single-center study, 19% of intentionally injured patients seen at the emergency department (ED) had been treated for violent trauma in the recent past. 5 These patients' risk of death more than doubled for each return visit to the ED. Given the expensive and resource-intensive nature of trauma care, problems of recidivism are of serious concern and raise the question: are lives being saved only to be lost soon in the future?
Recent evidence shows that surviving adult trauma patients experience significantly increased mortality compared with the general population in the years after hospital discharge. 6 However, long-term survival among intentionally injured trauma patients is unknown. The objective of this study was to determine the risk-adjusted mortality of intentionally injured patients within 7 to 9 years postinjury, compared with unintentionally injured patients, with an aim to investigate the long-term efficacy of saving a life after acute, violent trauma.
METHODS
This study was designed to provide long-term follow-up on trauma patients admitted for at least 24 hours and discharged alive from the Johns Hopkins Hospital between January 1, 1998, and December 31, 2000 . The quality of data from the Johns Hopkins Hospital greatly improved after 1997, leading to the restriction of the study period after January 1, 1998. We chose a 7-to 9-year period for follow-up as, at the time of this study, the latest data available from the National Death Index (NDI) were 2007. The study period ended in December 31, 2000 , to allow us to focus on the longest period of follow-up possible. The Johns Hopkins Hospital is a state-designated level 1 trauma center located in an urban, inner city environment.
admissions for trauma during the study period, data on only the first admission were included. Trauma registry records were linked to the hospital's administrative case mix database by deterministic linkage with the medical record number, birth date, and admission/discharge dates using a previously published methodology. 7 This linkage allowed the development of a comprehensive trauma dataset including detailed data on patients' sociodemographic and clinical characteristics, and information on the patients' discharge disposition from the hospital.
Patients' sociodemographic characteristics included age, sex, race/ethnicity (White, African American, Latino, or other), and insurance status (private, public, or uninsured) and were derived from the trauma registry. Data on income level was extrapolated from patients' addresses in the administrative database. Patients' addresses were geocoded with ArcGIS 9.3 (ESRI, Redlands, CA) and linked to 2000 census block groups, the smallest publicly available unit and a common proxy for neighborhood characteristics. [8] [9] [10] Median household income according to census block groups was identified for each patient, with a valid address from the 2000 US census. Median annual family income was grouped into the following categories:
(1) less than $25,000 per year, (2) $25,000 to 50,000 per year, and (3) $50,000 or more per year.
Injury characteristics were derived from the trauma registry and included the injury severity score (ISS), systolic blood pressure on arrival to the ED, type of injury (penetrating vs blunt), and mechanism of injury including injury intent. Intentional injury was classified using the appropriate E codes. Patients with E codes between E960 and 969.9 ("homicide and injury purposely inflicted by other persons") were considered intentionally injured (with the majority of patients classified by codes 960, 965.4, 966, or 968.2). In addition, we considered patients with E codes 985 ("injury by cut pierce") and 986 ("injury by firearm with undetermined intent") as intentionally injured, although fewer than 15 patients had this diagnosis. 11 Fewer than 25 patients were classified by an E code representing a self-inflicted injury. Charlson index scores were used to identify and adjust for coexisting medical conditions. These were calculated using International Classification of Diseases, Ninth Revision, diagnosis codes in the administrative database and a publicly available algorithm. 12 Given the association between discharge disposition and patient characteristics 13 and outcomes, including long-term mortality, 6 this was also included in this analysis and categorized as follows: (1) home, (2) home with services, (3) inpatient rehabilitation facility, (4) skilled nursing/specialty referral, (5) transfer to acute care hospital, and (6) leave against medical advice.
Determination of Long-Term Survival
Patient survival was determined using the NDI, which is designed to facilitate health-related mortality studies. Researchersupplied submission files are matched to the NDI computerized index of death record information compiled from death certificates submitted by State Vital Statistics offices to the National Center for Health Statistics. The NDI system selects potential death record matches on the basis of a set of 7 matching criteria. Details of the NDI application and matching process have been described elsewhere. [14] [15] [16] The NDI dataset that includes cause of death information was procured.
All patients included in our comprehensive dataset were submitted for a potential match in the NDI using data on the social security number, age, and sex for matching data through 2007. Previous work has shown that the social security number has the best accuracy in ascertaining death using this database. 17 The NDI returned matches with data on the "status code" (dead or alive) and cause of death if applicable. As the NDI matches user submission records to death records on the basis of 7 criteria, patients who were not identified were regarded as alive. The decision to believe that such patients are alive was based on strong evidence of accuracy (both sensitivity and specificity) of the NDI 18, 19 and previous studies that have supported this precedent. 20
Main Outcome Measure and Statistical Methodology
The primary outcome was mortality postinjury. The independent variable was intent, constructed as a binary variable (0,1) as defined by the center for disease control and prevention (CDC) mechanism coding (E codes 960-970, assaultive; and 985-987, undetermined).
Baseline characteristics of the study population were compared by intent status using χ 2 test. Within each demographic or injury characteristic, the difference in mortality was assessed by either χ 2 or Fisher exact test, though this only accounted for proportional differences and not any differences in time to mortality. Statistical significance was defined at P < 0.05. The overall difference in survival between intentional and unintentional injury was examined by comparing Kaplan-Meier survival curves, 21 and the rate ratios (RRs) of the survival curves were calculated using the Mantel-Cox method. These RRs represent the differences in the slopes between survival curves adjusted for age, sex, race, insurance status, ISS, injury type, comorbidity score, and final disposition. The Cox proportional hazard regression model was used to investigate the association between injury intentionality and mortality. Traditionally used in cancer care outcomes, a Cox regression analysis is similar to a logistic regression in that both reveal the relative contributions of the variables included in the model to the outcome. The difference between the 2 analyses is that a logistic regression measures a binary outcome, whereas a Cox regression factors in the time to when the outcome variable is met. 22 We determined the overall hazard ratio for mortality after intentional injury, while adjusting for baseline risk factors and potential confounders known to impact trauma outcomes, including age, sex, insurance status, race, ISS, injury type, comorbidity score, and final discharge disposition. [23] [24] [25] To focus on a group known to have fewer comorbidities, a subset analysis restricted to patients aged 44 and younger, adjusted for the factors mentioned above, was undertaken to minimize the effect of confounding by age. In addition, a subset analysis that adjusted for the median household income of the patient's residential zip code was performed. This subset was substantially smaller than the total cohort of patients as reliable home address information was not available for many patients. Finally, a sensitivity analysis was performed on the subset of patients who had a definite match in the NDI to ensure that our decision to treat patients not identified in the NDI as alive was not erroneous (see Supplemental Digital Contents 1 and 2, available at: http://links.lww.com/SLA/A529). All analyses were performed with Stata/MP statistical software, version 11 (Stata, College Station, TX).
RESULTS
From January 1, 1998, to December 30, 2000, 2409 patients were admitted to the Johns Hopkins Hospital registry. Of these, 85 (3.53%) patients died in-hospital. Of the surviving patients, 2062 met our inclusion criteria. Given the very small amount of missing data (age, sex, ISS: none; race: 0.48%; insurance status: 0.39%; injury type: 0.15%; Charlson comorbidity: 2.62%; and final disposition: 0.68%), we conducted a complete case analysis. Although 43.6% (n = 899) of patients experienced unintentional injuries, 56.4% (n = 1163) were intentionally injured. Intentionally injured patients were more often younger (15-29 years) and male than unintentionally injured patients ( Table 1 ). Higher proportions of intentionally injured patients were low-income, uninsured, or suffering from severe injuries than unintentionally injured patients. Seventy-four percent of intentionally injured patients were admitted for penetrating injuries, as compared with just 3% of unintentionally injured patients.
There were 302 patients who had died during follow-up. Crude mortality was higher for unintentionally injured patients than for intentionally injured patients (17.8% vs 12.2%; P < 0.001). Demographic and injury characteristics of those patients who had died within 7 to 9 years of follow-up were similar to the overall study sample. Of those who had died, intentionally injured patients were more likely than unintentionally injured patients to be young, male, and low-income. More than twice as many of the unintentionally injured patients who had died during follow-up were privately insured compared with those who had been intentionally injured patients (14.9% vs 8.2%) ( Table 2) .
Despite the predominance of more severe and penetrating injuries among intentionally injured patients in the study sample, Cox regression analysis controlling for age, sex, insurance status, race, ISS, injury type, comorbidity, and final discharge disposition showed that intentionality was not significantly associated with mortality rates within 7 to 9 years postinjury (Table 3) . Factors found to be significantly associated with long-term mortality were older age at the time of injury, female sex, and a higher burden of comorbid disease.
In an additional subset analysis of 1186 patients, with median household income information available on the basis of their residential zip code, neither race nor insurance status was significantly associated with long-term mortality. However, patients with incomes of less than $25,000 per year were significantly more likely to have died within 7 to 9 years of follow-up than either those with annual incomes between $25,000 and $50,000 or greater than $50,000. Charlson comorbidity index scores of either 1 or 2 compared with the reference group of 0 were also significantly associated with increased A subset analysis of patients younger than 45 years, who are assumed to have fewer comorbidities, also found no association between intention and long-term mortality ( Table 4 ). Female sex was the only characteristic found to be significantly protective against long-term mortality in this analysis.
We proceeded to investigate the difference in survival curves by intention. No significant difference in survival was observed for patients with intentional injury as compared with patients with unintentional injury (RR: 1.15; 95% CI: 0.72-1.86; P = 0.556) (Fig. 1) . Although intentionality was not associated with long-term survival, cause of death postinjury did vary by intention. Intentionally injured patients were much more likely to die of an external cause than unintentionally injured patients (55.6% vs 24.4%) ( Fig. 2A) . Intentionally injured patients were more likely to later die of infec-tion (18.3% vs 11.3%). In sharp contrast, unintentionally injured patients more often died of circulatory problems (30.6% vs 7.8%) and neoplasms (13.1% vs 7.0%) compared with intentionally injured patients. Nearly one third (31.7%) of the intentionally injured patients who had died within 7 to 9 years of follow-up were killed by gunshot wounds, compared with just 5.0% of unintentionally injured patients (Fig. 2B) . Unintentionally injured patients were also more likely than intentionally injured patients to later die of unintentional mechanisms, including falls (2.5% vs 0.7%), motor vehicle collisions (2.5% vs 0.7%), or pedestrian hits by a motor vehicle (3.1% vs 0.7%). is similar between intentionally and unintentionally injured patients. In contrast, sex, neighborhood income, and Charlson comorbidity scores were predictors of death. Female sex was protective against long-term mortality. Thus, our study is consistent with several large outcomes studies, suggesting that females tolerate hemorrhagic shock better than males. 24, 26, 27 Trauma is not necessarily a single acute event, but has a lasting association with higher rates of long-term mortality. 6 A recent study by Davidson et al 6 found that cumulative mortality at 3 years postinjury among adult trauma patients in Washington State was 16% compared with the expected population cumulative mortality of 5.9%. Our study's mortality rate among adult trauma patients was also high, particularly for a relatively young population, with 14.7% of patients dying within up to 7 to 9 years of follow-up. This may be partly due to the demographics of the patient sample, which was overwhelmingly poor and black. Patients from neighborhoods with the lowest income suffered from higher rates of mortality in this study. Furthermore, all-cause mortality in Baltimore is high relative to the state of Maryland, and within Baltimore, the all-cause mortality for blacks is much higher than whites (1102.4 per 100,000 vs 785.9 per 100,000, respectively). 28 There is also a general concern that improvements in inhospital mortality have masked worsening long-term survival. For 
FIGURE 2.
A, Causes of death for patients discharged alive after an intentional or unintentional injury. B, Injury mechanism for patients who were discharged alive after their first injury but then later died because of subsequent trauma. Intentional/unintentional injury relates to the intent of injury during their initial trauma admission.
instance, Davidson et al 6 demonstrated that although in-hospital mortality had decreased from 8% to 4.9% during a 14-year study period, the long-term cumulative mortality increased from 4.7% to 7.4%. There is a growing recognition of the need to study long-term outcomes among trauma patients, yet to our knowledge, no study has a longer follow-up period than 9 years. Although the lack of the association between injury intentionality and long-term mortality outcomes may be heartening to health care providers who work in hospitals that care for victims of violent trauma, it must be noted that intentionally injured patients were more likely to die of a subsequent injury. Almost one third of those who did die during the period studied were killed by gunshot wounds. These results underscore the continued reality of trauma recividism, which certainly does exist but which may not be so pervasive that one would question the utility of treating casualties of urban warfare. On the other hand, unintentionally injured patients were more likely to die of circulatory problems, and when they did die of external causes, it was predominantly by an unintentional mechanism of injury, such as motor vehicle collisions.
Intentional injury is often considered a "chronic" disease, as many intentionally injured trauma patients have already sustained prior injuries related to interpersonal violence. 5 Furthermore, repeat injuries seem to occur quickly. In a study of trauma recidivists at an urban trauma center, Smith et al 29 found that recidivists averaged just 7.9 months between injuries, and in patients with fatal repeat trauma, the mean time between initial injury and death was 18.8 months.
Recidivist, intentional injuries tend to occur in environments of significant risk, among marginalized populations. In a case-control study, Cooper et al 30 found multiple risk factors associated with trauma recidivism such as African American race, male sex, unemployment, lacking medical insurance, annual income less than $10,000, current drug use, past or present drug dealing, and a positive drug test at hospital admission. Buss and Abdu 31 also found that trauma recidivists were more likely to be low-income, African American, male, lacking health insurance, suffering from substance abuse problems, and/or living in neighborhoods with pervasive violence.
In this study, approximately 5% of intentionally injured patients did subsequently die of violence. This number does not include patients who may have suffered a violent injury but did not die of it, suggesting that a significant number of patients are caught in a cycle of violence that brings them back to the ED. It is clear that socioeconomic status plays a strong role, with patients living in neighborhoods characterized by annual income less than $25,000, experiencing higher rates of mortality after up to 9 years postinjury than patients living in higher income neighborhoods. These findings suggest that violence can be understood as a disease of poverty-the symptoms are treated in the ED, but the underlying cause remains untouched in environments of deprivation.
Given the high-risk environment in which intentional injuries occur, efforts to improve long-term survival after intentional injuryand reduce the incidence of subsequent violent injuries-should focus on violent injury prevention among vulnerable populations. The Ceasefire campaign in Chicago has succeeded in reducing gun violence by identifying high-risk communities for interventions that include individual and group dispute mediation and challenges to social norms that accept violence as appropriate. 32 For interventions taking place in the hospital environment, Cunningham et al 33 suggest the following 4 key "best practices": (1) assessment of patient psychosocial needs and risks, (2) planning for treatment and services to address needs, (3) identifying local partners responsible for postdischarge services, and (4) coordinating a plan to ensure service delivery and mitigate gaps in care.
There are some important limitations to consider in this study. First, our study sample consisted solely of patients from a single urban, academic level 1 trauma center. The majority of our patients were African Americans and male, and 43% of patients presented with penetrating trauma. Therefore, our findings may not be easily generalizable to trauma care throughout the country. Given that 73.3% of the study samples were African Americans and only 23.3% of patients were privately insured, it is likely that we did not have sufficient statistical power to detect race-or insurance-based disparities.
Second, the socioeconomic status analyses presented in this study relied on census-based data to measure income rather than individual-level data. Neighborhood income as a proxy for socioeconomic status has been previously used in a variety of research studies, and the use and validity of this method has been evaluated by numerous epidemiological studies. Income data were only included in a subset analysis because of a lack of reliable home address data (42.8%). Indeed, in the current study, higher neighborhood income decreased the risk of long-term mortality and was one of the key variables in this analysis. It is unclear whether neighborhood income is an important factor irrespective of the individual's income, and neighborhood income should not be interpreted as equivalent to the individual's income. However, these data highlight the importance of including neighborhood-level data when investigating epidemiological relationships involving race, insurance status, or any variable related to socioeconomic status.
In this study with up to 7 to 9 years of follow-up, intentionally injured patients did not have higher mortality rates than unintentionally injured patients. However, intentional injuries were associated with more violent causes of death among those patients who had died during the follow-up period. Further studies are needed to develop a better understanding of the long-term impact of intentional injury and to evaluate and improve upon existing models of violence prevention interventions in the ED. Given that surviving intentionally injured patients are no more likely than unintentionally injured patients to die in the decade after their injury, but are disproportionately killed by violent mechanisms, interventions focused on breaking this cycle of violence could provide an effective way to prevent repeated injury and violent death.
